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Ulocladium atrum inulinase was immobilized on different composite membranes composed of chitosan/nonwoven
fabrics. Km values of free and immobilized U. atrum inulinase on different composite membranes were calculated.
The enzyme had optimum pH at 5.6 for free and immobilized U. atrum inulinase on polyester nonwoven fabric coated
with 3% chitosan solution (PPNWF3), but optimum pH was 5 for immobilized U. atrum inulinase on polyester and
polypropylene nonwoven fabrics coated with 1% chitosan solution. The enzyme had optimum temperature at 40°C for
immobilized enzyme on each of polyester and polypropylene composite membranes coated with 1% chitosan, while it
was 50°C for free and immobilized enzyme on polypropylene nonwoven fabric coated with 3% chitosan solution. Free
U. atrum inulinase was stable at 40°C but thermal stability of the immobilized enzyme was detected up to 60°C.
Reusability of immobilized enzyme was from 38 to 42 cycles of reuse; after this, the immobilized enzyme lost its
activity completely. In conclusion, immobilized U. atrum inulinase was considerably more stable than the free
enzyme, and could be stored for extended periods.
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Ulocladium atrum on nonwoven fabrics. J. Biosci. 39 785–793] DOI 10.1007/s12038-014-9477-1

1. Introduction

Fructose and fructo-oligosaccharides are fast emerging as
important ingredients in the food, beverage and pharma-
ceutical industry because of their beneficial effects in
diabetic patients, low carcinogenicity, increased iron ab-
sorption in children and higher sweetening capacity
compared with sucrose. Additionally, they enhance the
flavor, colour and product stability of food and bever-
ages (Hanover 1993; Roy et al. 2000; Treichel et al.
2009; Yewale et al. 2013). Inulin, a fructan, is used
either as a macronutrient substitute or as a supplement
mainly for its nutritional properties. Inulin consists of
fructose molecules linked by β-(2→1) glycosidic bonds,

which are responsible for its nutritional characteristics
(Diaz et al. 2006).

Inulinase (2,1-β-D-fructanfructanohydrolase; EC 3.2.1.7)
hydrolyses inulin in a single enzymatic step and yields up
to 95% fructose. This process is an excellent alternative for
production of fructose syrup (Catana et al. 2005; Singh and
Gill 2006; Singh and Lotey 2010; Chi et al. 2011; Yewale
et al. 2013). Inulinases are classified as endoinulinase and
exoinulinase, depending on their mode of action.
Endoinulinases (2, 1-β-D-fructanfructanohydrolase; EC
3.2.1.7) are specific to inulin and hydrolyse it by breaking
the bonds between fructose units that are located away from
the ends of the polymer network, to produce oligosaccha-
rides. Exoinulinases (β-D-fructohydrolase; EC 3.2.1.8) split

http://www.ias.ac.in/jbiosci J. Biosci. 39(5), December 2014, 785–793, * Indian Academy of Sciences 785

Keywords. Chitosan; composite membrane; immobilization; inulinase; nonwoven fabric; U. atrum

Published online: 20 October 2014



terminal fructose units from the non-reducing end of the
inulin molecule to liberate fructose (Chi et al. 2009).

Enzyme immobilization is a method to keep enzyme
molecules confined or localized to a certain region of
space with retention of their catalytic activities. In com-
parison with their native form, immobilized enzymes
offer several advantages, such as enhanced stability,
easier product recovery and purification, the potential
for repeated usage and continuous process technology
(Shahidi et al. 1999; Sobral et al. 2003; Coghetto
et al. 2012).

It seems that, today, the main effort in developing new
hyper-filtration membranes is concentrated on thin film
composite membranes. The work is mainly directed at
new polymers with better chemical stability, which al-
lows them to be used as basic material for membrane
preparation by the phase inversion process (Strathmann
et al. 1975). The first thin film composite membrane was
made by coating a cellulose acetate solution of 0.2% to
2% polymer on a micro-porous membrane (Loeb and
Sourirajan 1962).

Chitosan is a high-molecular-weight polysaccharide
composed mainly of (1,4)-linked 2-deoxy-2-aminod-glu-
copyranose units and partially of (1,4)-linked 2-deoxy-2-
acetamido-D-glucopyranose. It has the properties of bio-
compatibility and biodegradability, among others, and
hence, chitosan has been used in many areas (Zeng
and Ruckenstein 1996; Klein et al. 2002; Mohamed et al.
2008).

Nonwoven fabric is a fabric-like material made from
long fibres, bonded together by chemical, mechanical,
heat or solvent treatment. In recent years, nonwovens
have become an alternative to polyurethane foam. Surgi-
cal garment production from nonwoven fabrics is a new
application, where the advantage of using nonwoven ma-
terials includes shorter production cycles, lighter weight,
good absorbency, liquid repellency, stretchability, soft-
ness, flame retardancy and filtering, and it used as a
bacterial barrier and sterility (Shalaby 1996; Mohamed
et al. 2008). Nonwoven fabrics have attracted attention
in many industrial fields because of their durability, light
weight, easy handling and low cost. Nonwoven fabrics

are widely used to support the formation of flat-sheet
membranes by electrospinning (Li et al. 2011). Enzymes
such as β-galactosidase, α-amylase, peroxidase and lipase
have been immobilized on nonwoven fibers or mem-
branes (Albayrak and Yang 2002; Meryem et al. 2007;
Mohamed et al. 2008; Li et al. 2011). Extensive studies
on inulinase immobilization was chosen on different
organic supports as: amino-cellulofine, CNBr- activated
Sepharose 4B, cellulose carbonate, bromoacetyl-cellu-
lose, Carboxy-Cellulofine, and on inorganic support as:
natural montmorillonitesodiumalginate,glutraldhde
and activated coal and on chitosan (Vandamme and
Derycke 1983; Nakamura et al. 1995; Ettalibi and
Baratti 2001; Ricca et al. 2007; de Paula et al. 2008;
Coghetto et al. 2012; Yewale et al. 2013). However,
there are no reports on the immobilization of inulinase
on nonwoven fabric.

The aim of this study was to develop a method of
immobilizing inulinase on different nonwoven fabrics to
enhance stability of inulinase activity. The biochemical
properties of immobilized enzymes were evaluated and com-
pared with the free enzyme.

2. Materials and methods

Ulocladium atrum inulinase was partially purified in
Biochemistry Lab, Biochemistry Division, Tanta University,
according to the methods of Abu El–souod et al. (2014).

2.1 Inulinase assay

Inulinase activity was measured according to Miller
(1959). 3,5-Dinitrosalicylic acid (DNS) reacts with re-
ducing sugars that were produced from inulin degrada-
tion (fructose) by inulinase enzyme in alkaline solution
to form 3-amino-5-nitrosalicylic acid (which absorbs
light strongly at 540 nm). The reaction mixture
contained 0.2 mL enzyme solution and 0.8 mL of 2%
(w/v) inulin dissolved in 0.05 M sodium acetate buffer
(pH 5.5) at 37°C for 60 min, and then 2 mL DNS was
added to the mixture; the mixture was boiled for 10

Table 1. Type and coating conditions of nonwoven fabrics

Code sample Types of substrate Coating condition

PPNWF1 Polypropylene nonwoven fabric 1% chitosan, 2.5 % polyethylene glycol, 0.1 mL gluteraldehyde

PPNWF3 Polypropylene nonwoven fabric 3% chitosan, 7.5% polyethylene glycol, 0.3 mL gluteraldehyde

V/PENWF3 Viscose/polyester nonwoven fabric 3% chitosan, 7.5% polyethylene glycol, 0.3 mL gluteraldehyde

PENWF1 Polyester nonwoven fabric 1% chitosan, 7.5% polyethylene glycol, 0.3 mL gluteraldehyde
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min, after which cooling absorbance was measured at
540 nm. One enzyme unit was defined as the amount of
enzyme that liberate 1 μmol of fructose from inulin per
minute under standard assay conditions (Yun et al.
2000).

2.2 Protein determination

The protein was determined by the method of Bradford
(1976) using bovine serum albumin as a standard.

2.3 Preparation of immobilized substrate

Chitosan/nonwoven composite membranes were prepared by
the phase inversion method. The nonwoven fabrics were
subsequently stored in 1% chitosan solution overnight.
Then, 8 mL of chitosan solution containing appropriate

amount of polyethylene glycol-600 (PEG) as porogen (used
as pore formers to be removed from the blend), and 1 mL
(0.01%) glutraldehyde solution was poured over a pretreated
nonwoven fabrics placed in a Petri dish (100 mm diameter).
The resulting mixture was agitated for 1 day, and then
precipitated with 1 mol/L NaOH to extract the porogen and
to generate a micro-porous membrane. The so-formed com-
posites membranes were washed with distilled water until
the solution became neutral. Finally, the membranes were
treated with 10% glycerol solution to protect the composite
membrane from shrinkage and were dried at 50°C. The same
procedure was followed for the other nonwoven fabrics. The
type and the coating conditions used are listed in table 1.

2.4 Immobilization procedure

A solution of native enzyme (about 2 mL) was added on
the 0.5 g of the composite membrane, and the mixture
was left at 4°C overnight with end-over-end stirring. The
next day, the membrane immobilized enzyme was thor-
oughly washed with 0.05 M acetate buffer and with
gradient of NaCl (0.1–0.5 M).

2.5 Enzyme characterization

Enzyme characterization was performed before and after
immobilization. The Km values of free and immobilized
inulinase activity were determined by using different
substrates concentrations of inulin ranging from 2 to

Table 2. Immobilization of U. atrum inulinase on different acti-
vated materials

Support
material

Protein
immobilized
(mg/g support)

Activity
immobilized
(Units/g support)

Specific activity
(units/mg protein)

PPNWF1 0.0232 30.1 1297.4

PPNWF3 0.0453 60.8 1342.1

PENWF1 0.0324 50 1543.2

V/PENWF 0.0323 10.7 331.2
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Figure 1. Linweaver-Burk plot of free, and immobilized PPNWF1, PPNWF3 and PENWF1 U. atrum inulinase reaction velocity to inulin
concentration. The reaction mixture in 1 mL contained (0.9 – 7.5 mM) inulin dissolved in 0.05 M acetate buffer pH 5.5 and 0.2 mL of free
inulinase or 0.3 g of immobilized enzyme. The reaction was incubated for 1 h at different substrate concentrations. The experiment was
carried out three times.
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16 mg inuline. The free and immobilized inulinase ac-
tivity profile was analyzed using 16 mg of inulin as
substrate and 0.05 M acetate, phosphate and Tris HCl
buffer in pH range 5.0–9.0 at 40°C. The free and
immobilized enzyme profiles were also analysed at tem-
perature ranges from 10°C to 80°C. The thermal stability
was also investigated by measuring the residual activity
of the free and immobilized enzyme after 15 min of
incubation at different temperatures ranged from 40°C
to 90°C prior to substrate addition. The effect of metal
cations was performed by incubating the enzyme for
15 min at 37°C with 2 mM cations prior to substrate
addition. The percentage of enzyme activity was calcu-
lated considering 100% as the highest activity detected
in the assay.

3. Results and discussion

The free U. atrum inulinase partially purified from DEAE-
cellulose INII (Abu El–souod et al. 2014) [containing 100
units with specific activity about 1678.9 units mg−1

(0.0595 mg protein/g support)] was immobilized on the
different nonwoven fabrics matrices, and the specific activity
of the enzyme are noted in table 2. The results showed that
the specific activity of the U. atrum inulinase on the
PPNWF1, PPNWF3, PENWF1 and V/PENWF was 1297,
1342, 1543.2 and 331.2 units mg−1 protein, respectively. The
immobilization efficiency of the matrices were 30, 60, 50
and 10% respectively, indicating that PPNWF3 and
PENWF1 were the most efficient matrices for U. atrum
inulinase immobilization. Rhee and Kim (1989) immobilized
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Figure 2. pH optima of free, and immobilized PPNWF1, PPNWF3 and PENWF U. atrum inulinase. The reaction mixture in 1 mL
contained 15 mg inulin, and 0.05 M acetate buffer (pH 4.0–5.6), 0.1 M sodium phosphate buffer (pH 7.0–8.0), Tris HCl buffer (pH 7.4–
8.6), and 0.1 M carbonate bicarbonate buffer (pH 9.2–10.4) with suitable amount of free or immobilized inulinase.
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inulinase from A. ficuum on chitin. Also immobilized
inulinase from Aspergillus niger on amino-cellulofine was
chosen as support material among different materials (CNBr-
activated Sepharose 4B, cellulose carbonate, bromoacetyl-
cellulose and carboxy-cellulofine), for immobilization with
different immobilization efficiencies depending on the
supporting material (Nakamura et al. 1995). Inulinase from
Kluyveromycesmarxianus NRRL Y-7571 was immobilized
on the inorganic support, natural montmorillonite, with effi-
ciency 63% (Coghetto et al. 2012), and sodium alginate,
glutraldhde and activated coal with efficiency 60% (Richetti
et al. 2012). Yewale et al. (2013) immobilized inulinase from
A. niger on chitosan with immobilization efficiency 83%.

3.1 Characterization of free and immobilized inulinase

3.1.1 Km value: The Km value of the immobilized U. atrum
inulinase was found to be higher than that of free enzyme.
The Km values of free and immobilized enzymes on
PPNWF1, PPNWF3 and PENWF were 2.2, 5.8, 2.6 and
3.6 mM, with Vmax values 5.2, 22.2, 11.3 and 14.7 μmol/h,
respectively (figure 1). The increase observed in Km after
immobilization of U. atrum inulinase on PPNWF1,
PPNWF3 and PENWF probab ly re su l t ed f rom
conformational modifications introduced by the covalent
attachment of the enzyme to the support and to mass
transfer resistances in the morphology of the support used,
leading to reduced affinity of the substrate at the active site
of the enzyme (Kusano et al. 1989; Abdel-Naby et al. 1999).
The Km value of immobilized inulinase on barium alginate
treated with glutaraldehyde Kluyeromyces marxianus was
0.522 mM and Vmax=113.7 μmol/min (Florido et al. 2001),
Novozyme immobilized on calcium aliginate beads was
184 mM (Catana et al. 2005). Coghetto et al. (2012) evalu-
ated the kinetic parameters of the immobilized inulinase

from K. marxianus on natural montmorillonite and obtained
a Km value of 0.38 mM and Vmax value of 0.2396 mol/L
min. The Km values of free Aspergillus niger and
immobilized inulinase on chitosan were 0.25 and 0.21 mM,
respectively. The Vmax values of free and immobilized en-
zyme were 0.23 mM/min/mL and 0.21 mM/min/mL, respec-
tively (Yewale et al. 2013).

3.1.2 pH profile: The optimum pH of the enzyme was not
changed after immobilization on PPNWF3 (pH 5.6),
whereas the optimum pH of the immobilized enzyme on
PPNWF1 and PENWF1 shifted into a more acidic range
(pH 5) (figure 2). This shift in pH probably could be
attributed to the existence of a micro-environmental differ-
ence, such as the surface charge of the carrier material (Yun
et al. 2000; Yewale et al. 2013). In another study the results
indicated that the optimum pH of the immobilized enzyme
was shifted to 5.2 in comparison with that of the free enzyme
(pH 4.8). This reveals the fact that the ionization of the
amino acid residues at the active site was affected by immo-
bilization. Similarly, optimum pH of 5.2 was reported by
Nakamura et al. (1995) for inulinase immobilized on amino-
cellulofine. Theoptimum pH of inulinase from K maxianus
var. bulgaricus immobilized in gelatin was 3.5 (Paula et al.
2008), from A. ficuum immobilized in porous glass it was 5
(Ettalibi and Baratti 2001), from novozymed immobilized on
calcium aliginate it was 4 (Catana et al. 2005), and from
Aspergillus niger and immobilized inulinase on chitosan it
was 4 (Yewale et al. 2013).

3.2 Effect of temperature on enzyme activity

The effect of temperature on the activity of free and
immobilized U. atrum inulinase showed a bell-shaped curve
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Figure 3. Effect of temperature on activity of free and immobilized U. atrum inulinase. The reaction mixture in 1 mL contained 15 mg
inulin dissolve in 0.05 M acetate buffer (pH 5.5) and 0.2 mL of free inulinase and 0.3 g of immobilized inulinase. The reaction was
incubated for 1 h at different temperatures ranging from 10°C to 70°C.
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(figure 3). Normally, the enzyme activity increases with
increase in temperature up to a certain point after which,
due to denaturation of the enzyme protein, a decline in the
activity is observed (Iyengar and Rao 1979). The maximum
activity of the enzyme was reported at 50°C for free and
immobilized enzyme on PPNWF3 and at 40°C for
immobilized enzyme on PPNWF1 and PENWF1. The max-
imum novozyme inulinase activity immobilized on calcium
alginate was at 60°C (Catana et al. 2005). The same result
was obtained for A. niger and immobilized inulinase on
chitosan (Yewale et al. 2013).

3.3 Effect of temperature on enzyme stability

Figure 4 shows the effect of temperature on the stability of free
and immobilizedU. atrum inulinase in the range between 40 °C
and 90°C by incubation for 30 min prior to substrate addition.
The results clarified that the free enzyme was stable until 40°C,
while the stability of the immobilized enzyme was continued up
to 60°C after which the immobilized inulinase showed a slight
decreased in thermal stability; but at 90°C complete loss of the
enzyme activity occurred. So, thermal stability of the
immobilized inulinase was markedly enhanced compared to
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Figure 4. Effect of temperature on stability of free and immobilized U. atrum inulinase. The reaction mixture in 1 mL contained 15 mg
inulin dissolved in 0.05 M acetate buffer (pH 5.5) and 0.2 mL of free inulinase and 0.3 g of immobilized inulinase. The reaction was pre-
incubated at different temperatures ranging from 40°C to 90°C for 30 min prior to substrate addition. Activity of free enzyme at zero time
was taken as 100%.
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that of free enzyme. The soluble inulinase was very unstable at
temperatures over 40°C, while the immobilized enzyme was
relatively stable up to 60°C (Kim et al. 1982). The increase in
thermal stability may be a result of the fact that immobilization
limits the thermal movement of the enzyme at higher tempera-
ture and, hence, decreased denaturation. Enhancement of ther-
mal stability, due to immobilization, has also been reported
earlier (Bajpai and Margaritis 1986; Wenling et al. 1999;
Florido et al. 2001; Catana et al. 2005; Yewale et al. 2013).
In general, immobilization of inulinase protected the enzyme
against heat inactivation (Yewale et al. 2013).

3.4 Reusability and stability

The ease of separation and increased stability are the advantages
of using an immobilized biocatalyst. The immobilized

biocatalyst was continuously recycled for 42 batches for
PPNWF1 and 40 batches for PPNWF3 and PENWF1
(figure 5). The decrease in hydrolysis in the initial batches
may be due to the loss of loosely bound inulinase during
washings of the biocatalyst. The immobilized system showed
a good stability in the batch system suggesting that it can be
successfully used for the continuous preparation of high-
fructose syrup (Mudd and Burris. 1959; Catana et al. 2005;
Yewale et al. 2013). Study of the stability of free and
immobilized U. atrum inulinase showed that the free inulinase
lost nearly 92% of its activity at 4°C and 30°C within 121 and
48 days, respectively, while the immobilized inulinase lost
nearly 92% of its activity at 4°C and 30°C within 150 and 65
days, respectively. However, on freezing, the free inulinase lost
more than 50% of its activity within 140 days, while the
immobilized enzyme lost about 60% of its activity within 150
days. This data indicated that immobilized inulinase was
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Figure 6. Storage stability of free and immobilized U. atrum inulinases at freezing (A), 4°C (B) and 30°C (C). Enzyme activity was
determined at 40°C in 15 mg inulin dissolved in 0.05 M acetate buffer (pH 5.5) and suitable amount of free and immobilized inulinase.
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considerably more stable than the free enzyme, and could be
stored for extended periods (figure 6).

3.5 Effect of metal

Some metal ions added to the reaction medium can promote
inulinase activity, while others have inhibitory effect on the
enzyme. The effect of some metal ions at 2 mmol/L on
U. atrum inulinase activity is indicated in table 3. All examined
ions had inhibitory effect on free U. atrum inulinase; the effec-
tiveness of metal cations as inhibitors was sequentially
F e + 3 > M n + 2 > B a + 2 > H g + 2 > N i + 2 >
Ca+2>Co+2>Cu+2>Mg+2. Some of themetal ions tested had a low
inhibitory effect (Ba+2, Mn+2 and Fe+3), which means that the
inhibitory effect at the same concentration depends upon the
chemical structure of the metal ions used (Mudd and Burris
1959). Also these metals inhibited inulinase production from
U. atrum, which indicates that this effect may due to the forma-
tion of complex with ionized inulinase resulting in changing
solubility and behaviour at the substrate interfaces (Dinarvand
et al. 2012; Abu El–souod et al. 2014). In the immobilized
enzyme on 1% and 3% CPNWF and PENWF, not all examined
ions had inhibitory effect but there were some ions that had an
activator effect. The effectiveness ofmetal ions as activators on an
immobilized U. atrum inulinase was Co+2>Mg+2>Mn+2.
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%

Relative activity
%

Relative activity
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Relative activity
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Ni+2 NiCl2 70 63 59 70

Ba+2 BaCl2 40 30 27 25

Mn+2 MnCl2 25 110 108 110

Fe+3 FeCl3 22 25 22 20

Immobilized enzyme was pre-incubated for 15 min with 2 mM of the listed metal as final concentration prior to substrates condition.
Activity in the absence of metal ions was taken as 100%.
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